Abstract Vitamin D deficiency is highly prevalent in Indian children of northern, western and southern states. Serum 25 hydroxy cholecalferol (ng/ml) was analyzed in 310 children and adolescents of pediatric hospital of Kolkata, India. Serum calcium (mg/dl), phosphorous (mg/ dl) and alkaline phosphatase (IU/L) data was obtained. Median 25(OH)D was 19 ng/ml. 19.2 % of population had serum 25(OH)D \ 10 ng/ml (severe deficiency), 52.9 % had \20 ng/ml (deficiency), 24.5 % had 20-29 ng/ml (insufficiency) and 22.6 % had [30 ng/ml (optimum). Deficiency was highest in adolescents (86.1 %), followed by school children (61.0 %), lowest in pre-school children (41.6 %). 25(OH)D concentrations was lowest in winters (P = 0.002) and spring (P = 0.03) compared to summer. There was no correlation with calcium (P = 0.99), phosphorous (P = 0.23) and ALP (P = 0.63). There is high prevalence of vitamin D deficiency in children and adolescents of eastern India. Prevalence was lower in younger subjects. 25(OH)D did not correlate with bone mineral markers.
Introduction
Vitamin D plays a key role in calcium and phosphate metabolism and is an essential micronutrient for bone health [1] . Following discoveries of ubiquitous presence of vitamin D receptors and enzyme machinery for vitamin D activation in most organs of the body, wider non-osseous roles for this steroid hormone have been proposed [2] . The universal prevalence of vitamin D deficiency [3] , even in sunlit countries, along with various proposed health benefits from vitamin D supplementation [4] , with increased availability of vitamin D estimation facilities [5] have catapulted screening for deficiency by several folds [6] .
In the pediatric subjects, who are susceptible to deficiency and impaired bone mineral metabolism, screening for vitamin D deficiency is particularly recommended [7] . Epidemiological data from other countries, which lie in the sunny equatorial and tropical belts, and also from the northern, western and southern states of India, have consistently demonstrated the high prevalence of vitamin D in children and adolescents [3, [8] [9] [10] [11] [12] . This is surprising as exposure to sunlight is the main source of vitamin D, with diet contributing only 10-15 %. Modern day lifestyle changes, for example, more time spent indoors by children; cloud cover and pollution; traditional clothing; sunscreen usage are factors which affect optimum skin exposure to sunlight [7] . Genetic factors like higher prevalence of certain polymorphisms in the vitamin D binding protein associated with low vitamin D levels; darker skin tone compared to Caucasians; and dietary factors like low calcium and high fibre diet may additionally contribute to prevalence of deficiency states.
The optimal level of serum 25 hydroxycholecalciferol, or 25(OH)D (ng/ml) for general health in children is unknown, given very few outcome data for the group [13, 14] . By current definitions, though controversial, values less than 20 ng/ml is considered deficient, 20-30 ng/ml insufficient and optimal values are between 30-40 ng/ml [15, 16] .
Prevalence of vitamin D deficiency in children has not been reported from the eastern region of India. In this paper, we have attempted to provide a cross-sectional overview of vitamin D concentrations in children and adolescents, along with data on biochemical correlates of vitamin D in bone metabolism. Kolkata, a major metropolitan city, situated at latitude of 22.5°N, and its neighbouring districts receive lower average annual solar irradiation compared to other regions of the country [17] . The monthly average solar irradiation data for Kolkata is provided in Fig. 1 , with values ranging from *4 kWh/m 2 / day in the winter, to *6 kWh/m 2 /day in the summer.
Materials and Methods

Study Design
Retrospective analysis of serum 25(OH)D levels of pediatric patients of 1-16 years of age, who visited the outpatient clinics of a referral teaching trust hospital of Kolkata, India from Jan 2012-July 2013, was carried out. Demographic details, date of sampling, clinics attended were collated. Cases of rickets, nephrotic syndrome and chronic renal failure were excluded (Fig. 2 ). For cases that had repeat investigations, the first value was considered for analysis. Cases of toxicity (serum 25(OH)D concentration [100 ng/ml) were also excluded. Data was also collated for serum calcium, phosphorous and alkaline phosphatase (ALP) that were measured along with serum vitamin D. The study was approved by the institutional ethics committee.
Measurement of Vitamin D and Biochemical Correlates
Serum 25(OH)D metabolite is considered the most reliable biomarker of nutritional vitamin D status [18] . It was measured by the automated chemiluminiscence assay on the Roche immunoassay platform (Cobas e411, Roche Diagnostics), which measures both the D2 (from diet) and D3 (from UVB irradiation of the skin or supplementation) and has an assay range of 3-70 ng/ml. Values over70 ng/ ml were suitably diluted to obtain absolute values. Satisfactory coefficient of variation (CV %) data were obtained for 25(OH)D (9.8 %) based on calculations of quality control (QC) data run at significant levels of measurement. Serum calcium (mg/dl), inorganic phosphate (mg/dl) and ALP (U/L) were measured on the Roche Integra 400 Plus chemistry analyzer (Roche Diagnostics, Manheim, Germany) and validated for reproducibility using immunoassay QC materials obtained from Bio-Rad (Irvin, CA, USA). Low levels of 25(OH)D were defined as ''insufficient'' if between 20-30 ng/ml and ''deficient'' if \20 ng/ml and ''severely deficient'' if \10 ng/ml, as cited in previous studies [15, 16] . Age-, gender-and method-specific laboratory reference ranges were used for calcium, phosphate and ALP.
Statistical Analysis
The distribution test for normality showed that the data was non-normal. Discrete data are presented as medians with interquartile range (IQR). The Mann-Whitney U test was used for computing group differences. The difference between categorical data was analyzed using Fisher's exact test. Spearman's rank correlation analysis was used to test for correlations (r s ) between variables. All analysis was . A P value of \0.05 was considered to be statistically significant.
Results
Subject Demographics and Distribution of Vitamin D Levels
A total of 310 cases (55 % males) were included for analysis ( Fig. 2) . Out of these, 95 had been investigated for serum calcium, phosphorus and ALP. Subjects were grouped into preschool stage (1-5 years) (n = 156), school (6-11 years) (n = 118) and adolescents (12-16 years) (n = 36). Table 1 demonstrates the distribution of median 25(OH)D concentrations and the prevalence (%) in the above age groups when classified into severely deficient (\10 ng/ml), deficient (10-19 ng/ml), insufficient (20-29 ng/ml) and sufficient or optimum ([30 ng/ml).
The median serum 25(OH)D for the population was 19 ng/ml (IQR 11-28). 19.7 % subjects were severely deficient (median 6 ng/ml), 52.9 % deficient (median 14 ng/ml) and 24.5 % insufficient (median 24 ng/ml).
The 25(OH)D levels decreased with increase in age (r s = -0.313, P \ 0.0001) (Fig. 3) . Accordingly, the preschool group had the highest median 25(OH)D concentration (23 ng/ml), followed by school children (17 ng/ml) and lowest in adolescents (12 ng/ml). The adolescent group had the highest percentage of severely deficient (30.6 %) and deficient (86.1 %) subjects (Table 1) .
No significant differences were found between serum 25(OH)D levels of boys and that of girls in any of the age groups (Table 2) .
Changes in Vitamin D Levels with Season
The monthly median 25(OH)D levels changed with season showing a dip in winter months and higher values in the summer months (Fig. 4) . The median 25(OH)D level in the summer months were significantly higher compared to those in winter (P = 0.002)and spring (P = 0.03), but not significantly different from the median value obtained in the monsoon season (P = 0.15). The percentage of deficient and severely deficient subjects were high in the winter and spring months, and were the lowest in the summer months (Fig. 5) .
Association of Vitamin D with Biochemical Correlates
In 95 subjects, median calcium, phosphorous and ALP levels were found to be 9.5 mg/dl, 5.0 mg/dl and 239 IU/L respectively. All were within the normal reference ranges for the population. The median 25(OH)D concentration of the group was 22 ng/ml (IQR 13-31). Serum 25(OH)D did not show any significant correlation with any of the above common parameters of bone health (Table 3) .
Discussion
The present study provides a cross-sectional data of biochemical hypovitaminosis D across a pediatric population residing in and around the metropolitan city of Kolkata, in eastern India. These data show that a large section of children and adolescents (53 %) are nutritionally deficient in vitamin D, as per current definitions, and require supplementation to replenish body stores and correct circulating levels to the optimal range [19] . Only 22 % of the study population had optimal levels of which none were adolescents, the group which was also the most deficient. Although adolescents were under-represented in the population, this finding is alarming, since maximal accrual of bone mass takes place during this growth phase [20] . The median vitamin D concentration in the preschool and school going children was found to be 23 and 17 ng/ ml, respectively and deficiency was seen in 42 and 61 % subjects. Similar statistics have been seen in reports in children living in the northern, western and southern states of the country. Marwaha et al. [10] have shown that healthy school children of northern India had mean serum level of 12 ng/ml, and over 90 % of children were vitamin D deficient. Harinarayan et al's study [12] in rural and urban children residing in the southern state of Andhra Pradesh report prevalence of 81.5 % in urban male children and 76.5 % in rural areas. The study findings of high prevalence of subclinical vitamin D deficiency in children, as observed across the country, are relevant and calls for action. Adequate vitamin D is associated with absence of vitamin D deficiency rickets, maximal suppression of PTH, optimal calcium absorption from the gut and higher bone mineral content in children and adolescents [21] . Additionally, vitamin D has been recently shown to have various extra-skeletal roles such as immunomodulatory and antiproliferative effects on disease [22] .
By global statistics, Indian children have far higher prevalence of vitamin D deficiency when compared to reports from US [23] or China [8] . This may be explained by the skin pigmentation of Indian children who are relatively dark compared to Caucasian counterparts. Cutaneous synthesis of vitamin D from the UVB rays of sunlight is reduced due to increased melanin content in darker individuals [7] . Additionally, these findings reflect lack of vitamin D supplementation guidelines in the country [24] including food fortification programmes [25] . Our study population consisted predominantly of children living in urban and semi-rural areas, and of lower socio-economic background, and therefore pollution, city dwelling, less access to playgrounds, and overall poor nutritional status may have influenced vitamin D concentrations, which have not been separately looked into, in the present study.
The prevalence of deficiency was markedly dependent on the season of blood sampling, being lowest in winters and highest in summers (Fig. 5) . The variability in solar irradiation will significantly impress upon the serum levels of vitamin D since more than 90 % of the body requirements are derived by cutaneous synthesis from sunlight. The seasonal variations in the median vitamin D levels and the percentage of deficient cases are in agreement with the pattern of solar radiation received in Kolkata (Fig. 1) . The month of August and October were a deviation as children had higher median vitamin D levels than expected from the solar radiation pattern, which may be due to sampling inadequacies. Moreover, October is a festive month in West Bengal and it may be hypothesized that more children may have upward shift in outdoor activities as well as in their diet. Of note is the fact that practitioners should consider the season of sampling during supplementation, keeping an additional margin to cover adequacy during the winter and spring months when sunlight availability is low [26] .
We failed to find correlation of 25(OH)D (median, 22 ng/ml) with serum calcium, phosphorous and ALP levels, which were within normal ranges. A recent study [27] found that 86.1 % children demonstrated some abnormality in calcium, phosphorous, ALP or parathyroid hormone (PTH) only when serum 25(OH)D was below 10.8 ng/ml. This and another study [26] demonstrated PTH levels to increase when vitamin D values fall below 13.6 and 12 ng/ml, stating this cut-off to represent vitamin D deficiency in children. Though we did not evaluate PTH, our data on calcium, phosphorous and ALP implies that it may be inappropriate to assume cut off values of vitamin D based on adult studies, as a surrogate marker of bone health in children and adolescents. Another explanation for the non-correlation may have its basis in the concept of free or bioavailable vitamin D (not bound to carrier proteins), which has shown to better correlate with bone markers in comparison to the total serum 25(OH)D levels in both healthy and osteoporotic men [28, 29] .
Our study has some limitations and findings must be interpreted accordingly. Our population consisted of children attending the outpatient department of the hospital who cannot be treated as ''healthy'' subjects. There may be influences on serum vitamin D concentrations due to any underlying acute or chronic pathologies, though we have excluded the major identifiable causes of vitamin D deficiency i.e. renal disease and rickets. This was a single centre urban hospital based study, and therefore the results cannot be made generalizable for all children living in the region. Factors relating to vitamin D status including intake of supplements, children's BMI, sunshine exposure, rural or urban residence, diet and the time of physical activities were not collected. However, this study was cross-sectional with an intention to report prevalence and not draw conclusions regarding the causality of vitamin D deficiency. A marginally lower prevalence of deficiency compared to other regions of India may be due to inclusion of children on vitamin D supplementation, although all repeat investigations and toxicity levels of vitamin D were excluded from the study. We were not able to obtain sufficient data for the PTH, a measure of bone health better associated with vitamin D status as compared to calcium, phosphorous or ALP. This paper adds to the growing reports of high deficiency status of children in India. Pediatricians and health care practitioners caring for children should encourage children and adolescents to adopt a healthy lifestyle to maintain normal body mass index, including diet with vitamin D-containing foods (meat, fish, eggs, dairy products) and adequate outdoor activities for optimum sun exposure. Children at risk for deficiency such as obese or dark skinned may require more vitamin D than they are currently making from sunlight or consuming in their diet. It is also time for national authorities to evaluate the causes for high prevalence of vitamin D deficiency in Indian children and formulate appropriate measures such as adequate sun exposure, dietary recommendations, food fortification, and vitamin D supplementation in children and adolescents.
Conclusion
Vitamin D deficiency and insufficiency is highly prevalent amongst children and adolescents living in and around the city of Kolkata, India. Prevalence increases with age, but is independent of gender. There is marked seasonal variation in prevalence, being higher in winter and springs and lower in summers and monsoon. Serum concentrations are not correlated with commonly tested bone mineral markers. These data call for future investigations to evaluate the causality of high prevalence of vitamin D deficiency in Indian children in spite of living in a sunlit country and, to also redefine biochemical end points of 25(OH)D that correlates with bone metabolism in children and adolescents. In the meantime, using definitions of deficiency, insufficiency and optimum that have extrapolated from adult studies, we conclude that more Indian children require judicious exposure to sunlight, fortified foods and adequate supplementation to maintain bone health.
